The parahydrogen conversion has been measured on a tungsten surface, as a function of the surface concentration of adsorbed oxygen, acting as a poison. This surface concentration was measured by a contact potential method. The oxygen would appear not only to cut down the fraction of surface available for reaction, but also to influence the reactivity of the neighbouring chemisorbed hydrogen. An important factor in this influence may be dipole-dipole interaction between the adsorbed atoms. A part at least of the oxygen adsorbed on tungsten can be removed at room tempera ture by reaction with hydrogen. Films of carbon monoxide, nitrogen and ethylene also poison the catalytic activity of tungsten and there is some evidence that the small conversion that does occur in their presence pro ceeds through the formation of a hydride surface on top of the film, rather than on gaps in it. Experiments with a number of different wires has led to evaluation of the constant A 0 in = A°e~EIRT. While A 0 in two cases differs considerably from the average value, in all other six cases it approxi mates closely to an average. In the derived equation for the absolute rate the temperature independent factor is 2-6 x 1020 mol./sec./cm.2 of catalyst surface, at 1 mm. pressure of hydrogen. From this we estimate a value of this factor B u m = 1022 for the zero order reaction, which is more susceptible to simple theoretical treatment. This is considered in terms of the activated complex theory, and is shown to be more in accordance with a conversion mechanism based on an interchange between loosely adsorbed hydrogen molecules and chemisorbed hydrogen, rather than with the original idea of the recombination of chemisorbed hydrogen atoms. The H2 + D 2 reaction has the same rate as the parahydrogen conversion, and so 'tunnelling' is an unimportant factor in this hydrogen reaction, even at -150° C.
Introduction
It was found by A. Earkas (1931) that a tungsten filament, after flashing in vacuo to remove adsorbed oxygen, was an active catalyst for the con version of parahydrogen. The observed kinetics could be explained by the mechanism advanced by Bonhoeffer and Farkas (1931) , pH 2 + 2W ^ 2WH -> 2W + oH 2 where W denotes a surface atom of tungsten. J. K. Roberts (1935) found th at an oxygen-free tungsten surface on exposure to gaseous hydrogen [ 429 ] takes up a stable film of the gas, which does not evaporate at an appreciable rate at room temperature and so the para-ortho conversion cannot proceed by this mechanism (Roberts 1939a) . I t therefore appeared desirable to re-examine this reaction, and in the first instance to establish whether or not the active filament was free from adsorbed oxygen by a physical method. The method chosen was to measure the contact potential of the catalyst filament. The importance of this point lies in the fact th at many bulk oxides are good catalysts for this reaction (Taylor and Sherman 1931, 1932) . Secondly, since the system is relatively simple it should be suitable for a theoretical investigation of the rate of reaction. In this connexion the reaction rates and kinetics on the oxygen-free filaments have been deter mined. Thirdly, the poisoning effect of adsorbed films of gases other than oxygen has been considered. The second paper is concerned with experiments more directly planned to establish the mechanism of the reaction. The vertical catalyst filament was about 11 cm. long and the horizontal emitter about 3 cm. long. After sealing the tube on to the apparatus it was baked out for 10 hr. at 450° C, in the latter stages the trap Tr being cooled with liquid air. The filaments were next aged at 2500° K for 5 hr., in vacuo. Sodium could then be distilled in from an appendix so as to form an even film on the walls of the vessel. Such sodium films were found to be non-catalytie, and assisted the clean-up of the filament. The temperature/resistance relationship of the catalyst filament was then determined over the range 77-473° K, using baths. The vessel was then ready for use. To obtain a clean filament the wire was first flashed in vacuo at 2500° K for 2 min. with the walls at room temperature. The reaction vessel was then immersed in liquid air, and the wire again flashed. All pH 2 conversions and other experimen were conducted with the walls of the tube at liquid air temperature, so as to keep the wire free from oxygen and sodium. I t is to be noted th at a number of experiments on the conversion were also made with tubes containing only a single wire down their axis, and in these cases sodium films were not used.
D. D. Eley and E. K. Rideal
The electrical apparatus was similar to th a t used by Bosworth and Rideal (1937) .* I t enabled (a) the catalyst wire to be heated electrically to any given temperature as measured by its resistance, (6) the emitter to be heated to a constant temperature in the region of 2500° K, as measured by the current (Jones and Langmuir 1927), (c) a variable potential to be applied between the two filaments, and the thermionic current between them measured on a microammeter. Further, a mains circuit allowed either one or both of the filaments to be flashed a t 2500° K. Results were expressed as a plot of thermionic current against the applied potential curve), for constant emitter temperature. The presence of adsorbed films on the collector (catalyst) filament served to change its contact potential, and shift the i/V curve parallel to the potential co-ordinate. The micropirani gauge was similar to th at used by Bolland and Melville (1937) . Mixtures ofpH 2 and oH2, and H 2, D2, HD could be analysed with it. The latter of course required two measurements, before and after cir culation over a red-hot nickel wire (3, 4 in figure 1). A pressure of 50 mm. of hydrogen was usually used in the gauge, which was of the tungsten spiral type and was worked with its walls at liquid air temperature. The wire was run with a constant potential drop of 2-8 V across it, and its resistance measured on a Wheatstone bridge. For ?tH2 the wire temperature was 173° K. The calibration curve is given in figure 3.
* We have to thank Mr H. Campbell for many valuable suggestions in arranging the electrical circuit.
Hydrogen and deuterium were purified by passage through a heated palladium tube. Parahydrogen was obtained by contacting hydrogen with a well out-gassed charcoal at 65° K. Deuterium gas was prepared by inter acting liquid D20 with previously distilled sodium metal. The ethylene used f the parahydrogen conversion by tungsten 433 % excess pH2 F i g u r e 3. The calibration curve of the micropirani gauge.
was a sample purified by distillation in vacuo and was supplied by Dr G.H. Twigg. Carbon monoxide was prepared by decomposing Ni(CO)4 at 100° C, any unchanged carbonyl being frozen out with liquid air. Oxygen was obtained by heating KMn0 4 containing a little Ba0 2. Nitrogen was freed from oxygen by a white-hot tungsten filament. Parahydrogen, nitrogen and ethylene were stored over sodium films to keep them free from traces of oxygen.
V ol. 178. A .
R esults
All known cases of the heterogeneous parahydrogen conversion obey the first order law, and we may express the constant as A : = 7 ln '4 ' where C0 is the original concentration of parahydrogen in excess of the equilibrium concentration at the temperature of the experiment, and Ct is this ' excess ' concentration at time t min. This equation may be written
where Q denotes the 'resistance value' of the hydrogen in ohms, being the resistance value of the parahydrogen sample after a sufficient time to reach equilibrium, at the temperature of the wire, has been allowed. This equation was found to hold in all cases, e.g. experiment 65 . Accordingly, all rates are expressed in terms of k, in min.-1. 
(a) The effect of oxygen films
Experiments were made with tube 16, with a catalyst wire of length 11 cm., and total reaction space of 300 c.c. Preliminary experiments showed that while the clean tungsten wire was active in the conversion, admission of a trace of oxygen poisoned the wire, in agreement with the results of Farkas. Subsequent flashing of the wire in vacuo restored the activity and also gave a shift in contact potential of 1-60 V. Since this is in reasonable agreement with the value found by Bos worth and Rideal (1937), namely, W/WO = -1*74 V, we can conclude th at the active wire wras largely free from oxygen and that the surface metal atoms were responsible for the conversion. It seemed desirable to make a more accurate investigation of this effect, and in particular to investigate the parahydrogen conversion on tungsten surfaces partially covered with adsorbed oxygen. By using the relationship V = 2n/ics, where V = measured cont and cs -surface concentration of dipoles of moment ju, we have the possi bility of correlating the rate constant with the surface concentration of the poison. The contact potential measurements were made with an emitter current of 1-8 amp. and over the course of three weeks the ijV curve for W/W was found to be very reproducible. The following effect, which though fortuitous was very convenient, was found. With this emitter current sufficient heat was radiated to the adjacent collector to raise its temperature a t its m id point to the region of 800° K, as checked by a resistance measurement. This temperature was sufficiently high to evaporate all but a residual 10 % of an initially complete hydrogen film, and it was found impossible under these conditions to obtain a W/WH contact potential greater than -0-1V, in grave disagreement with th at of Bosworth of -1 0 4 V. The difference in the two tubes explains this result; our long collector wire is more easily heated than the short wire of Bosworth, which had heavy leads only 1 cm. distance from its mid-point. That this explanation is the correct one is shown by the fact that passing 1*1 amp. through our long wire, now used as emitter, and employing the short wire as collector, a W/WH value of -0-96 V was obtained in reasonable agreement with Bos worth's value. So the result is not due to a spurious effect following on contamination of the tube. In these experiments therefore, our measurements refer directly to partial oxygen films and not to mixed films of hydrogen and oxygen. It is to be noted that oxygen films were quite stable to the heat rediation from the emitter.
In an experiment a pressure of 10~2 mm. oxygen was admitted to the vessel so as to form a full oxygen film, the tube evacuated and the emitter flashed, and the i / Vc urve taken. This may be denoted by curve A in figure 4 . By passing a current through the collector it could be carefully heated up, and a certain amount of oxygen evaporated. A second ijV curve was then taken, curve B. The emitter was now switched off, a pressure of T2 mm. parahydrogen introduced into the vessel, and at zero time a current was switched on to the catalyst (collector) wire to bring it to -131° C. This temperature was held by manual resistance control for the course of tlie experiment, during which one or more samples were extracted and stored in the sampling bulbs for subsequent analysis. At the end the vessel was pumped out, the emitter switched on and the i/V curve repeated. In all cases this was within O l V of curve B, and the passage of a small current sufficient to evaporate traces of adsorbed hydrogen but not sufficient to evaporate any oxygen served to make the i/V curve exactly reproducible with B. clean filament, curve C. In all cases the difference to agreed satis factorily with the value of -1*74 V for the oxygen film. The shift to we refer to as x volts.
In figure 5 we plot values of log10 k for the conversion against x. We note th a t x = 0 corresponds to a complete oxygen film, a; = T 74 to an oxygenfree filament. During the series of experiments a small increase in the activity of the clean wire was noted, from k = 0*48 to k -1-1, which is perhaps partly responsible for the spread of points, apart from experimental inaccuracy. I t is significant th at even a clean aged tungsten wire can alter a little in its activity. The curve shown can be given a natural explanation in terms of Roberts's picture of the oxygen film ( 1935 , 1 9 3 9 6 ; Morrison and Roberts 1 9 3 9). Roberts has given theoretical and experimental reasons for considering the oxygen film on tungsten as composite. It consists of a primary immobile film containing about 8 % of holes, over which are held molecules of oxygen, less strongly than in the primary film. This latter less stable part evaporates a t about 1100° K, while the primary film evaporates only at temperatures above 1700° K.* The two films may be characterized by a measurement of the accommodation coefficient of the wire against neon, the primary film having a = 0T 77 and the primary plus secondary film having a = 0-226. It is interesting for our later considerations th a t a relatively large change in a of 22 % results from evaporating off the oxygen from the gaps (secondary film). Starting with a full oxygen film (x = 0) at the lower wire temperature oxygen will be evaporated off the gaps, which can then adsorb hydrogen molecules, but not hydrogen atoms for energetic reasons since the gaps are only single sites. Such adsorbed hydrogen we should not expect to be catalytically active on any picture of the conversion process and in fact we find no alteration in the activity of the wire until about x = 0-52 V. At this point we consider th at the gaps have been set free and th at evaporation of the primary oxygen film has commenced. While the value 0-52 V, 30 % of the total contact potential, might at first sight appear a rather large value to associate with the oxygen in the secon dary film, it nevertheless is similar in magnitude to the shift in accommoda tion coefficient observed. There is also the possibility th at it contains a part of the contribution due to the evaporation of the primary film, since in the first instance this would probably only yield single sites unable to chemisorb hydrogen. We shall, however, attribute a value of 1-7 4 -0*52 = 1-22 V to the primary film, and it is then possible to plot, from the curve in figure 5 , the curve shown in figure 6. Here cr is the fraction of sites free from oxygen in the primary film, taken as (x -0*52)/l*22. This the equation V = 2 n/ic8; that is, it assumes that fi for adsor remains constant as the surface is filled. This means that fi is the same for all sites on the t u n gsten surface and further that the mutual depolarization of the dipoles at high concentration can be neglected. This assumption is supported by some unpublished measurements made in this laboratory by D. D. E ley a n d E. K . R ideal R.C.L. Bosworth. Now if the only effect of adsorbed oxygen were to cut down the amount of chemisorbed hydrogen on a uniform set of sites we should expect Ic/cr to be constant, at least over the larger part of the range of <r. However, figure 6 shows a strong increase in log k/a with up to or = 0-75. The linear character of the log against cr plot suggests that this increase is not due to a variation in the nature of the catalytically active sites but must be ascribed to the influence of a neighbouring adsorbed oxygen on the rate of reaction, this effect becoming vanishingly small when only one site in four is occupied by oxygen. This influence of a neighbouring WO on the rate of reaction may be exerted on the entropy or energy of activation of the reaction. If all the change in log is to be ascribed to the latter, then from a = 0-1 to decrease by 0-84 cal. We note there is a not inconsiderable difference in the energy of the WH dipole in the states -0 and cr = 1, arising from dipoledipole interaction alone. The summation of these interactions, derived from the computations of Roberts (1935) , leads to the following expression for this difference:
AUex 14-6 x 1012keal./g. atom.
The lattice spacing a is taken as 3-1 x 10~8 cm. The contact potential measurements of Bosworth give y 0 = 0-66 x 10~18 e.s.u., and a more un certain value of //,H = 0-4 x 10~18 e.s.u. From these values we obtain AUe = 0*4 kcal., the hydrogen being less strongly adsorbed in the presence of oxygen. This value is almost half the difference in the energies of activa tion given above. We might expect a further difference to arise from the quantum forces of cohesion and repulsion. Therefore, in the preliminary treatm ent of the absolute rate of reaction on the oxygen-free surface given later, it is within the error of our experiments and theoretical methods to consider all the sites as possessing a uniform activity.
(6) Interaction of oxygen films with hydrogen
An interesting point arose in an attem pt to determine the temperature coefficient of k on oxygen films. With an initially complete oxygen film up to -20° C no catalysis was observable over the time of experiment, but about 0° C a strong catalysis set in. If now the vessel were pumped out and further experiments made, appreciable values of k were found below -20° C. It could only be concluded th at at 0° C hydrogen can remove part of the oxygen film, and a simple calculation using Roberts's values for the adsorption energies (1935, 1939) shows that this occurs through a reaction a and not a displacement mechanism b. (6) is therefore ruled out energetically, and (a) is further supported by the observation of Roberts (1935) , who found a decrease of pressure when hydrogen was contacted with an oxygen film on tungsten. If 0-01 mm. of oxygen be mixed with the parahydrogen at 0° C, no onset of catalytic activity is found. In this case any gaps formed by reaction (a) are im mediately closed by fresh oxygen from the gas phase. It is noteworthy th at the constants found in this case are similar to those found with a simple reaction tube with the walls at room temperature, where the oxygen arises from the walls. It is clear that such a WO surface will show a small catalysis, a thousandfold less than th at given by the oxygen free metal. A slow reaction at the gaps in the layer in this case seems to be ruled out, since such gaps would be filled with oxygen when this is present at 10-2 mm. I t is more probable that it proceeds through the formation of a hydroxide surface, as we shall discuss later. In figure 7 we present results at 1-5 mm. pressure of parahydrogen, as a plot of log10 k against IjT. It is apparent th at nitrogen films poison the conversion, raising the activation energy from about 1000 to 5920 cal. If the difference in rates were simply due to the factor we should expect at 200° K a ratio of 2-2 x 105 for the constants of the poisoned and unpoisoned reactions. We actually find a ratio of 3-4 x 102 which indicates th at the increase in activation energy is offset by an alteration in the entropy of activation. This points to the view that we cannot consider these reactions simply in terms of collisions with the surface. It is to be noted that, over the temperature range examined, nitrogen films are stable in H 2, giving similar values of A ; at -78° C, both before and after an experiment at -21 ° C.
In figure 7 are plotted experiments on a wire poisoned by ethylene, which has a more marked effect than nitrogen. The ethylene film was quite stable at 0° C, in contradistinction to the oxygen film. A tungsten wire was heated to 450° C for 6 min. in a mixture of 0 03 mm. ethylene and 0-025 mm. hydrogen. No decrease of pressure occurred, and the amount of conversion was small, the resistance value of the parahydrogen changing from 0-44 to 0-13 ohm. It seems probable th a t the very strength with which ethylene is adsorbed on tungsten prevents its hydrogenation. The view of Twigg and Rideal (1940) is th at tungsten will not hydrogenate ethylene since its lattice spacing will not accommodate the -CH2-CH2-species. This would mean th at the ethylene film observed was formed by the CH2= C H -or CH3C H = species. At the present time we have no evidence to decide between these possibilities. 
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parahydrogen conversion by tungste (d) Carbon monoxide films
The experiments shown and table 3 indicate th a t a film of carbon monoxide poisons the conversion at -127° C but th at at -58° C a fairly rapid conversion occurs. However, the conversion is still poisoned on re turning to -127° C and we conclude th at no molecules of carbon monoxide have been removed by reaction with hydrogen a t the higher temperature. 
(e) Conversion on films
We first note th at in all cases a poisoning film could be removed by flashing the wire at 2500° K, when the original activity of the clean wire was restored. All the films examined poisoned the catalysis of the conversion around -100° C, but at higher temperatures a conversion set in. The stability of the different films in hydrogen may perhaps be compared by the temperatures at which comparable rates of the parahydrogen con version were reached. Roughly, these were for carbon monoxide films, -50° C, nitrogen and oxygen films 0° C, and ethylene films 200° C. The case of oxygen is a special one, since the onset of activity is to be associated with a reduction of the oxide layer and the production of bare sites th at can chemisorb hydrogen. It is interesting to speculate as to whether the activation of hydrogen, th at occurs on these films, proceeds on top of the film itself or at gaps which may exist in it. We can only say th a t the balance of evidence is perhaps in favour of the former, more novel, hypothesis. Firstly, because the carbon monoxide film which is most active is the one we might expect to be relatively inactive on the gap theory. Here we should expect single site adsorption through formation of W-CO. This might be inferred from the experiments of Langmuir (1915) , and also from the existence of metal carbonyls.
Gaps may arise in two ways, as Roberts had indicated (1935, p. 473 ). The first is when an immobile film is formed by the adsorbed molecule occupying two or more sites, as he has suggested is the case for oxygen.* Such gaps therefore probably do not arise in the case of carbon monoxide. The second is for single site adsorption when the gas molecule is sufficiently large to exclude molecules from neighbouring sites. We should on this view expect carbon monoxide and ethylene films to contain similar numbers of gaps, and therefore show a similar catalytic activity, as in fact they do not. Further, it is clear that such gaps could not in the first instance take up hydrogen atoms from the molecules in the gas phase, a t these low tem peratures. The fact that hydrogen at higher temperatures will remove oxygen from tungsten, suggests the intermediate formation of a hydroxide surface W-OH which below 0° C might be stable, i.e. it would only interchange with hydrogen and not be further reduced by it.* The bond electrons in such film bonds might be expected to resonate with the metallic electrons and therefore to behave in many respects like the surface bonds of a clean metal. In the case of ethylene films the conversion may occur through an exchange reaction with the hydrogen already present in the adsorbed ethylene. However, these points are a m atter for future experimental work.
(/) Conversion on the 'clean' wire
By ' clean ' we here mean free from all adsorbed films other than hydrogen. A number of different reaction vessels were used. In tubes la and lb a sodium film was deposited on the walls but the other tubes contained no such film The concordance of results indicates th at a wire with care can be kept free from oxygen with no sodium present.
The activation energy and absolute rate
The constant k was determined at constant pressure of hydrogen for a number of different temperatures, and the activation energy E determined from a plot of log10 k against 1/T . In table 4 we give values of A and E in the equation k -Ae~ElRT, which we have taken as expressing our results within the experimental error. While the maximum uncertainty, from the spread of points, on the determination of E in the less exact experiments is ± 500 cal. the general agreement of A values, commented on later, suggests th at the uncertainty is in reality much less than this. will certainly be a function of pressure, but since all the measurements were made in the small range 0*4-1-5 mm. we can compare them in the first instance directly, since it will be apparent that other factors outside our control cause larger We include in the table Farkas's data, indicated by F, correcting his value of kt o 0-5 mm. using his measured pressure dependency of k, and the value of E determined by him. In figure 9 we have plotted values of log104°F i g u r e 9. To show the calculated values of the temperature independent factor A 0, and their trend with increasing activation energy E, for 'clean' wires.
against E. We find that most of the values of A 0 lie within a factor five of each other, but th at two, those for tube 4 and th at from Farkas's data, lie considerably higher. There is an indication of a relationship between log104° and E of the type that Evans and Polanyi (1936) have discussed for a number of cases. The known cases up to date in heterogeneous catalysis have arisen for relatively complex catalysts, but here we see that it holds for a clean tungsten surface. Our results would indicate th at while on the average a well-aged tungsten surface is very reproducible in its catalytic properties, nevertheless it is possible to obtain clean surfaces of somewhat different catalytic behaviour. Since differences in activation energy tend to be compensated by alterations in the entropy factor the observed effect on k,at any rate at 173° K, is small. I t may be th at slightly different ageing treatments, by altering the distribution of the various sites and crystal facets, can give rise to the experimental differences in and E observed. For the purposes of theory we can take a mean of the first six values as representing the well-aged clean tungsten wire, A 0 = 1*5 x 105, at 1 mm. pressure and 173°K . Figure 10 shows a series of runs made with tube 16 at pressures of 1-5 and 20-5 mm., at a variety of temperatures. This 13*7 fold increase of pressure decreases k 12-3 times at -78° C and 8-9 times'at -159° C. We neglect the D. D. Eley and E. K. Rideal different behaviour at the two temperatures and concern ourselves only with the average behaviour of the absolute rate, which we may measure by kp. For this pressure change a 10-fold alteration in k corresponds to kp = const, p 0'12. That is, the reaction is between zero and first order, being more nearly the first case. Such behaviour was found by Farkas, and his experiments give kp -const. p°'2S at -100° C. The difference in activa energies at T 5 and 20-5 mm. is perhaps within the experimental error, when w e consider the uncertainty of k a t the higher temperatures. If real it is in the opposite direction to what we should expect on the view th a t the pressure dependency is mainly determined by the concentration of hydrogen in a Van der Waals layer. Diffusion of gas through the reaction volume may tend to limit reaction velocities at the higher temperatures. W ith tube 3 some experiments were made when the wire was showing a uniform increase in activity. By bracketing the experiments significant average values of k at two pressures were obtained. These were k = 0-28 (12 mm.) and k = 0-9 (1-3 mm.), all at -93° C, and correspond to kp = const, p 0'5. Table 5 The catalysis of the parahydrogen conversion by tungsten 447 In figure 11 we have plotted values of log10 against 1JT for pressures of 16, 1-3 and 0-093 mm., using tube 4. In this case the results fairly accurately obey the relation kp = const, p 0-5. Accordingly we can say th at the absolute rate kp is proportional to a power of the pressure betwreen p 0'5 and p 0'1. Since the pressure dependency is bound up with the energy of adsorption of the hydrogen we might expect such variations from one wire to another, just as we get differences in activation energy.
Dependence of on pressure
For later qualitative considerations it is interesting to estimate the value of k for the zero order reaction, i.e. at a pressure where the adsorption layer of reactants is saturated. Since the observed pressure dependency is nearing zero order, we can estimate th at the maximum possible increase in kp, to be occasioned by increasing the pressure, is within a factor xO2. In all probability the factor is less than this.
Theory of the temperature independent factor A 0
We now consider the average value of A 0 = 1-5 x 105 cm. min.-1 for a conversion at 1-0 + 0-6 mm. pressure and -100° C, neglecting the demon strated increases of A 0 that may be brought about either by the presence of adsorbed films or by variations in aging techniques. The former effect, however, clearly shows that such increases in A0 are to be sought in bond strength factors modifying the entropy of activation, rather than in alter ations in the active area of the wire surface. We might mention that the development of different crystal faces in the wire may be im portant in the second effect (see Beeck, Smith and Wheeler 1940 n is the number of moles present in the gas phase, of volume 300 c.c. mainly at 77° K, then at 1*0 mm. pressure -5-1 x 10~5, i.e. If now we use our previous estimate for the factor arising from increasing the pressure till the reaction becomes zero order, we have B Q m = 2*6 x 1022. Within the uncertainty of estimation this may be smoothed to = 1022 mol./sec./cm.2 tungsten surface.
In a theoretical consideration of BPm we adapt the activated complex formulation of Laidler, Glasstone and Eyring (1940) . We may write B°m -acs(kT/h) eAS*IR, where cs indicates the number of tungsten sites per cm.2, a the fraction of these which are active, and the entropy of activa tion for the process. At -100° C the frequency factor JcT/h = 3*6 x 1012, and cs may be taken as 1*2 x 1015.
There are two main possibilities for the mechanism.
(i) The mechanism of Bonhoeffer and Farkas. Since this involves the recombination of hydrogen atoms in a primary layer we should expect to be small ande4S*/i2to approximate to unity. For agreement with B^n = 1022 we should then require that only 2 x 10-6 sites are active. The general evidence against such an assumption has been outlined; effects in oxygen and other films and the general reproducibility of the constants in all cases are against it.
(ii) The interchange mechanism: pH 2 + WH HW + oH 2.
Experimental support for this theory is given in the second paper. Since such a mechanism involves that in the activation process a hydrogen mole cule in a relatively loosely bound layer becomes localized next to a strongly bound chemisorbed H atom, it is here easy to understand a large negative entropy of activation. If we regard reaction as occurring with hydrogen molecules held over gaps in the immobile film, then a = 0*08, since there are 8 % of such sites. For agreement with ^ = 1022 we then require Z1S* = -21 cal. deg.-1 mol.-1. If the hydrogen film is mobile, however, and there is still doubt on this point (Roberts 1940a) , it will contain no gaps and a = 1*0 and d$* --26 cal. deg.-1 mol.-1. To make our present point it suffices to consider either case, and we take the first. If the molecules on D. D. E ley a n d E. K . R ideal The two reactions therefore are kinetically identical and may be con sidered to go through the same mechanism. The results indicating equality of rates at even -150° C would appear to rule out the possibility of 'tu n nelling ' through potential barriers occurring in the reactions of hydrogen. This effect, if it exists, should be particularly marked at low temperatures such as these, and should lead to a big discrepancy between the rates of the two reactions. These results are further supported by experiments in the second paper, which show th at on evaporated films of tungsten the H 2 + D2 interchange proceeds rapidly at 77° K.
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